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Description 

This invention relates to image processors, and 
more particularly to an image enhancing apparatus and 
method for detecting edges and lines. 

The vast quantity of data available in the form of 
aerial, satellite and other types of imagery far exceeds 
the processing capacity ot current computing environ- 
ments. Consequently, there exists a need for systems 
that can rapidly and automatically detect objects given 
large quantities of imagery, representing unpredictable 
scenes and objects* 

The tasks of computer vision systems fall generally 
into three classes: tow level, middle level and high level. 
Low level analysis involves decomposing the raw image 
into easily manipulatable visual primitives such as re- 
gions and lines and their attributes such as color, tex- 
ture, size, shape, orientation, length, etc. The middle 
level process is concerned with analyzing the lines and 
regions found in the low level process and finding, for 
example, certain geometric shapes and patterns. High 
level analysis operates on the extended geometric fea- 
tures to arrive at a recognition and description of the ob- 
jects in the scene. 

The present invention Is concerned primarily with 
improvements in low level image processing. The raw 
image input for low level processing typically comprises 
intensity changes in an image that are due in part to rc^ 
f lectance, depth, orientation and illumination discontinu- 
ities. The organization of significant local intensity 
changes (edges) into more coherent global events (lines 
or boundaries) is an early but important step in the trans- 
formation of the visual signal into useful intermediate 
constructs for middle and upper level interpretative 
processes. Over the past twenty years a number of 
methods have been developed for edge detection. 
These include: 

1 ) a simple thresholded convolution (e.g. Sobel op- 
erator, Roberts cross operator) within a fixed sized 
two dimensional window followed by a "thinning" 
operation on the resulting data; 

2) a Laplacian operator within a two dimensional 
processing window coupled with an algorithm to de- 
tect "zero-crossings"; 

3) the Haraltck facet model algorithm; and 

4) the Nevatia-Babu algorithm. 

An algorithm for generating linked edge bounds ries 
between adjacent regions of different gray levels is dis- 
closed in an article entitled "Contextual Boundary For- 
mation by One-Dimensional Edge Detection and Scan 
Line Matching* by Enrich et al. in COMPUTER GRAPH- 
ICS AND IMAGE PROCESSING, vol. 16, No. 2 (June, 
19B1). An edge detector generates data structures rep- 



resenting alternative interpretations of edge cross sec- 
tions. The edge hypotheses are linked together to form 
global edges based on the strength of the matches be- 
tween the edge hypotheses. In detail, relational trees 
5 are formed with respect to assumed edge points along 
a scan line. The used matching algorithm is a parallel 
tree matching algorithm that matches the relational 
Uses ol the edges in adjacent scan lines. The linking is 
achieved by examining several linking possibilities and 
10 using a procedure that determhes the optimal linking 
arrangement based upon the strength of the matches 
between the various assumed edge points. 

Even whh these and other current methods, the 
generation ol line segments has remained a difficult 
is problem requiring time consuming edge chaining and 
line segmenting algorithms. Thus, it would be desirable . 
to provide a technique tor generating edges and tine 
segments that is faster and more accurate than previous 
methods. 

so Besides slowness, the above techniques for edge 
detection have a number ot other drawbacks. For exam- 
ple, images having a variety of resolutions and contrasts 
are difficult to handle due to the use of a Fixed two di- 
mensional window or patch. There are two problems re- 
25 suiting from the use ol a fixed wridow: 1 ) when an edge 
is larger than ihe window, you get either no edge or mul- 
tiple edges; and 2) if a window is too large, it blurs deta its 
by averaging data within the window. While using mul- 
tiple window sizes Is one approach to this problem, the 
so complexity of sorting out the resulting data from the var- 
ious window sizes has limited the usefulness of that 
technique. As a result it would be desirable to provide 
an image processor that can handle image features of 
many different resolutions equally well with fewer spu- 
3£ rious or missed edges. 

A related problem caused by a fixed two dimension- 
al window size is the resulting sensitivity to thresholds. 
If a window size is too smalt* only a part of an edge is 
measured. The convolution then gives a measure ol on- 
40 ly part of the intensity change, and a threshold set to 
detect the intensity change of an entire edge would be 
too high and would ignore the edge, Decreasing the 
threshold would result in multiple edges where only a 
single edge exists. Consequently, it would be desirable 
«5 to provide an image processor that can properly discrim- 
inate between high and low contrast image leatures 
without being too sensitive to the threshold setting, 

The present invention as set out in claims 1 and 9 
provides an image enhancing apparatus and method 
50 that rapidly and accurately detects edges and straight 
line segments from image data. The invention performs 
a one dimensional, rather than two dimensional, analy- 
sis of image data and it results in an effectively dynamic, 
rather than static, window si2e to ensure that the whole 
6S edge is captured. It does this by the use of a series of 
horizontal and/or vertical scan lines to search for one 
dimensional edge signatures in the scan line intensity 
data. Edge curvature points in the scan line intensity da- 
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ta are analyzed to determine if they have certain fea- 
tures characteristic of edges. Once identified, pairs of 
these curvature points which represent edge bounda- 
ries are then used to determine single point edge loca- 
tions. This may be done by finding the average intensity 
level between the pairs of curvature points and desig- 
nating that point as the edge location. This process, in 
effect, sets the window size dynamically and permits 
edges of many different resolutions end contrasts to be 
analyzed. 

After a point edge location is determined, point edge 
locations on successive scan lines may be tracked to 
form straight line segments. This is accomplished by 
setting a range for a possible line segment direction from 
a first point and determining if a point edge location in 
the next scan line is within that range. It it is. a line seg- 
ment is drawn between the first and second points and 
the permissible range is narrowed lor each edge point 
in succeeding scan lines until an edge point no longer 
fits within the permissible range. Edges railing outside 
a given line segment direction may then used to begin 
new line segments. 

This entire process requires only one or two passes 
through the Image data. Two passes could be performed 
simultaneously with a parallel processing architecture* 
The result is the extraction of edgB points and line seg- 
ments from digitized image data much faster than with 
previous comparable methods. 

The invention handles image features of many dif- 
ferent resolutions equally well. Also, edge and line seg- 
ment data is extracted more "clearly' so that tines are 
less fragmented, with fewer spurious or missed edges. 
In many images the edge threshold parameter is less 
critical than in previous methods and properly discrimi- 
nates between high and tow contrast Image features. 
The invention could also be used to detect and trackoth- 
er intensity features beside edges such as certain fea- 
tures having characteristic combinations of edges such 
as coastlines, roads, or vehicles. Also, the invention 
could be used to detect features having certain defined 
spectral characteristics. 

The various advantages of the present invention will 
become apparent to one skilled in the art by reading the 
following specification and by reference to the following 
drawings in which: 

FIG. 1 is a perspective view of a series of pixel in- 
tensity curves along successive scan lines of rep- 
resentative image data; 

FIG, 2 is a graph of a single pixel intensity curve for 
successive pixels along a single scan line in accord- 
ance with the present invention; 
FIG. 3 is a graph of a portion of the pixel intensity 
curve shown in FIG. 2 showing the derivation of an 
edge point from two curvature extrema; 
FIG. 4 is an illustration of the method ot forming the 
line segments by tracking edge points in accord- 
ance with me present invention; and 
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FIG. 5 is a diagram of an image processing system 
in accordance with the present invention. 

FIG. 1 represents a two dimensional signal (Le. an 
s image) The x and y axes are the horizontal and vertical 
axes of the image while the third axis represents the in- 
tensity (brightness) of the digitized image at each point 
(pixel). The source of the image may be light or other 
regions ot the electromagnetic spectrum; or it could be 
io an acoustic image or any other desirable two dimension- 
al signal. As a specific example, the digitized image 
might be obtained from a CCD sensor connected to a 
frame grabber that digitizes the CCD signal output and 
produces a 512 x 512 array ol pixel intensity vaiues. 
is These values would be automatically stored in computer 
memory. It should be noted that, lor clarity. FIG. 2 shows 
only 32 pixel intensity points. However. It a 512 x 512 
element CCD sensor is used, a given scan line would 
actually have 512 pixel intensity points. 
so in accordance with the present invention, the inten- 
sity value of each pbcel on the pixel intensity curve 1 0 Is 
represented by intensity points 1 2. It will be appreciated 
that the intensity data is plotted pictorially in FIGS. 1 and 
2+ as an illustrative aid In practice, the methods of the 
2& present invontton may be carried out by performing var- 
ious calculations on the data without actually plotting the 
data. Likewise, the term "scan - will be used to indicate 
analysis of data along a particular vertical or horizontal 
line and does not necessarily imply any mechanical 
30 scanning motion across the image, 

The present invention involves a two part procedure 
to arrive at line segments from image data. The first part 
involves the detection ot edge points. The second part 
involves the tracking of the detected edge points to form 
straight lines. It will be appreciated that once the edge 
points have been detected, the edge points will provide 
information that may be used in a number of ways. How- 
ever, in the preferred embodiment, it is preferred that 
the edge points determined by the first part of the Inven- 
40 tk>n then be used to arrive at line segments in accord- 
ance with the second part of the invention. 

In the first part of the present invention, the detec- 
tion of edge points is carried out a9 a one dimensional 
process. Initially, the intensity data such as that shown 
4S in FIG. 2 is analyzed for intensity signatures that are 
characteristic of edges. This may be accomplished by 
first processing the data with a sliding difference oper- 
ator lo obtain local "slopes" aL each point 12 along the 
scan line intensity curve 10. In particular, for a given 
so point 14 on the intensity curve 10 the slope of the line 
connecting that point 14 with the previous point 16 is 
determined. Likewise, for a succeeding point 18 the 
slope of a line connecting that point 1 9 with the previous 
point 14 is determined. The first derivative slopes are 
55 then converted to angles, or "angle slopes", using the 
junction: 

angle = tan°(cx slope) 
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where c is a constant (less than 1) such as .75. 
The value chosen tor c is not very critical. It acts as a 
vertical gain or amplification ot the pixel intensities and 
is set to allow convenient integer tabular representation 
of the angle function. 

A sliding difference of angle slopes may then be tak- 
en to obtain a slope curvature at each point along the 
scan line. For example, at a first point 14 the slope cur- 
vature will be equal to the angle slope at the second 
point 18 minus the angle slope at the first point 14. 

Next, curvature extremaare located. Curvature ex- 
terna represent points on the intensity curve 10 which 
have maximum positive or negative local slope curva- 
tures. In FIG. 2 curvature extrema are represented by 
the circled points 20. The determination of which curva- 
tures are extrema. is accomplished by comparing the 
magnitudes oi a consecutive sequence of curvatures 
possessing common sign. It can be seen by inspection 
of FIG. 2 that curvature extrema points 20 represent 
points where there are relatively large changes in the 
slope between the curvature extrema points 20 and the 
preceding and succeeding points. In other words, cur- 
vature extrema are places where trends of intensity 
change undergo major alteration. It is this rapid altera- 
tion of intensity (or shading) trends that characterize the 
two sides of edge boundaries in image data. This is 
shown in FIG. 3. 

It should be noted that in some systems noise from 
the sensor or other sources may introduce peaks or 
spikes that have nothing to do with the image being an- 
alyzed. Unfortunately, such noise spikes will possibly be 
interpreted as curvature extrema In order to effectively 
filter out such noise all curvature extrema can be 
checked to see ii they exceed a noise threshold. This 
noise threshold may be chosen to be proportional to the 
slopes of the scan line intensity curve at the points 
where the extrema are located. Curvature extrema 
which exceed the threshold may then be ignored since 
they likely represent noise. It will be appreciated that the 
threshold will depend on many characteristics oi the 
system and of the image data involved and in systems 
that are not susceptible to unacceptable noise levels the 
step of comparing the curvature extrema to the noise 
threshold may be omitted entirely. 

The next step is to confirm the existence ot an edge 
from the curvature extrema points 20. Since the curva- 
ture extrema points 20 are determined by the data itself, 
the invention, in effect, sets adynamic window size from 
which to find edges. From FIG, 2 H can be seen that the 
intensity difference between the first curvature extrema 
20 at the extreme left and the second curvature extrema 
20 is fairly small: while the difference in intensity be- 
tween the second curvature extrema 20 and the third is 
much greater. One may interpret this to mean that an 
edge exists somewhere between the second and third 
curvature extrema 20, but that a surface of relatively uni- 
form intensity (and hence no edge) exists between the 
first and second curvature extrema 20. Accordingly, to 



detect edges the intensity level at each curvature ex- 
trema 20 is compared to that at each neighboring cur- 
vature extrema 20. Where the difference exceeds a pre- 
determined threshold an edge is confirmed, 
s This procedure is depicted in more detail in FIG. 3. 
Here, a portion of the intensity curve 1 0 is shown having 
two curvature extrema 20. The intensity level at the first 
curvature extrema 20 is labeled l v The intensity at the 
second is I* An edge is confirmed if the change in in- 
to tensity, l 2 • h exceeds a predetermined threshold. In 
some cases it is possible lor the difference between the 
intensity levels to exceed the threshold even where 
there is no edge. This may occur for example, in the 
case of an extended region of gentle shading, where the 
1$ total change in intensity leveltrom one side of the region 
to. the other is fairly large but no edge exists between 
the two extrema. To prevent an edge from being found 
in a region of gentle shading, when the intensity differ- 
ence between two neighboring curvature extrema are 
£0 found to exoeed the predetermined threshold, the aver- 
age intensity change per pixel may be checked. If the 
average intensity change per pixel is less than a prede- 
termined amount, lor example, one intensity unit, then 
it can be concluded that the region does not contain an 
sb edgo but instead may be a region of gradual intensity 
change. In such cases no edge will be found between 
those curvature extrema. 

Once the existence of an edge is confirmed be- 
tween two curvature extrema 20, the point edge location 
so can then be determined. This may be done by finding 
the average intensity level between the two curvature 
extrema 20. That is, the intensity level equal to (I, + 1 2 ) 
/2, is found. The pixel corresponding to that average in- 
tensity level on the intensity curve 1 0 is then determined. 
05 The location of this pixel along the scan line is then la- 
beled an edge point The above procedure is repeated 
for each curvature extremum point 20 throughout the 
entire intensity curve 10 for a given scan line. 

To begin forming line segments in accordance with 
40 the second part ot the present invention, the entire pro- 
cedure described above is repeated for a second scan 
line. Once edge points are found in the second scan lino 
they can be compared to edge points in the preceding 
scan line to determine if a line segment can be drawn 
43 between edge points in the first and the second scan 
lines using the procedure described below. The line 
forming process is then repeated for all subsequent par- 
allel scan lines. 

In more detail in accordance with the present in- 
so vention, as each scan line is processed and rendered 
into a set of elected edge points, the edga points are 
tracked as if they were uniform velocity targets. The 
edge points extracted from a given scan line are asso- 
ciated with edge points detected in previous scan lines 
£5 according to the following three rules; 



1) when a detected edge point lies within "n" pixels 
of an edge point on the previous scan line where 
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the point on the previous Una is not already associ- 
ated with a straight line segment, use the two de- 
tected edge points to in itiate a straight line segment. 

2) when a detected edge point does not lie within 
"n" Pixels of an edge point on the previous scan line 
and it also cannot be associated with an existing 
straight line segment, save the location ol the de- 
tected edge tor the starting point of a new lino seg- 

3) S when a delected edge point lies within "n- pixels 
of a predicted edge point location (where the pre- 
diction was made using knowledge of the line seg- 
ments currently being tracked) attempt to add the 
new edge point to the appropriate line segment in 
the manner as described below. 



The selection of "n* .is not critical and it will be ap- 
preciated that the exact n umber can be optimized by trial 
and error. For example -n" in some configurations may 
be chosen to be 1 or 2 pixels. 

Referring now to FIG- 4. the procedure for adding 
to an existing line segment is illustrated. Note from Rule 
1 above that the first two edge points may be used to 
initiate a straight line segment. From these two points 
an initial projected lino eegmont direction is computed 
This is labeled "first estimate of line segment direction" 
in FIG. 4. An "error bar" of a predetermined number of 
pixels (typically i or 2 pixels) is also assigned to the sec- 
ond point. This bar is used to determine the range within 
which the line segment direction can be adjusted as later 
points are added to the line segment. The idea is to per- 
mit some fluctuation of the actual position of edge points 
along the line segment to which they belong. On the oth- 
er hand, tho points must not be permitted to slowly drilt 
oft the initial line segment direction resulting in an arc 
instead of a straight line. 

FIG. 4 also shows a third point being added to the 
line segment. Since the third point falls within the per- 
missibte line segment range (it is between the first upper 
limit and the first lower limit of line segment direction) it 
passes the criterion which determines that it is part of 
the line segment and not the start of some new line. The 
error bars assigned to the third point are used to estab- 
lish a new and tighter range within which the line seg^ 
ment direction can be adjusted. This range is shown in 
FIG. 4 as defined oy the lines labeled 'second upper 
limit on line segment direction- and "second lower limit 
on line segment direction* Note thai the second lower 
limit on line segment direction coincides with the first 
lower limit on line segment direction, thus effectively 
narrowing the new limits on line segment direction. The 
second estimate of Itne segment direction is taken to be 
from the first point to the third and newest point. 

Finally, a fourth point is considered. As FIG. 4 illus- 
trates, the fourth point tells outside tho range of thp sec- 
ond upper and lower limits on lino segment direction. 
Thus, the fourth point cannot be added to the line seg- 
ment The tracking of the line segment is terminated at 



the Ihird point and the location of the fourth is saved as 
the possible starting location of a new line segment. 

it is noteworthy that both the first part of the inven- 
tion (edge detection) and the second part (line segment 
5 formation) can be performed on each scan line before 
proceeding to subsequent scan lines. As a result, only 
one pass through the vertical scan lines and one pass 
through the horizontal scan lines is necessary. Moreo- 
ver since the vertical and horizontal scanning process- 
id es are entirely decoupled, the two passes through the 
data could be performed simultaneously, tor example 
with a parallel processing architecture. In such cases 
the normal steps required to parallelize algorithms need 
not be done due to the fact that the vertical and hortzon- 
f s tal scans are inherently separable. These features con- 
tribute to the increased speed of processing of the 
present invention. 

There are a number of ways to separate the respec- 
tive role of the vertical and horizontal scan lines to avoid 
2Q redundancy and to further enhance the speed and ac- 
curacy of the invention, in this regard, it should be noted 
that both vertical and horizontal scans are desirable but 
both are not absolutely necessary. Useful line segment 
information can be derived from either set of scans. 
2S However. It Is desirable to have both because a vertical 
line scan cannot process a vertical image line and a hor- 
izontal scan cannot handle a horizontal image tine. Con- 
sequently, it is preferred that the roles of the vertical and 
horizontal scans be divided so that each has its respec- 
30 tive 'sphere of influence". For example, each set of 
scans may handle line segments that have a range of 
plus or minus 45*. Specifically, horizontal scans may 
handle line segments in a vertical direction and 45° on 
either side of vertical; vertical scans may handle line 
35 segments along a horizontal direction and also 46° on 
either side of horizontal. As a result, the processing will 
not track line segments outside the permitted range 
even though it would be capable of doing so. 

A minor consideration is that at exactly 45° there is 
40 some ambiguity and the possibility exists that both sets 
of scans would ignore the 45° line segment as belonging 
to the other set of scan lines. Consequently, it is pre- 
ferred to have the horizontal and vertical jurisdictions 
overlap slightly even at the risk of occasionally double 
45 counting a line. 

It will be appreciated that the data produced will 
consist of coordinates of line segment points from ver- 
tical and horizontal scans. These may be used inde- 
pendently or combined. The line segment data may be 
so plotted for visual inspection or it may be used directly in 
subsequent middle and higher level image analysis. 

Referring now to FIG. 5, a simplified diagram of an 
image processing system 22 tn accordance with ono 
embodiment of the present invention is shown. A sensor 
&s 24. which may be a CCD array, receives signals of var- 
ying intensity from an image. The sensor converts the 
raw signal to an electrical signal which is transmitted to 
a preprocessor 26 This preprocessor 26 may perform 
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such functions as frame grabbing and digitizing for ax- 
ample. The digitized signal is then M ~ r ^J?* ^ 
sssor 28 which includes an IO unit 30. a CPU 32 and 
memory 34. Once the Image data Is received and stored 
in memory 34- the processor 28 may then perform the 
neceseary calculations on the data to arrive at the edge 
and line locations using the techniques outlined above. 
Finally, the coordinate locations of the edge and line 
segments may be sent from the processor 28 to a dis- 
play unit 36 where they may be utilized in the desired 
manner. 

U will be appreciated that the present invention is 
very amenable to hardware implementations. As men- 
tioned previously, the decoupled nature of the vertical 
and horizontal scans makes parallelizing the two tasks 
relatively simple. Also, sines the processing is ap- 
proached as a one dimensional signal problem it could 
readily be handled by a pipeline type processor with dig- 
ital signal processing chips. As a result, known and 
readily available low cost hardware can be used to im- 
plement the present invention. 

Preliminary tests have been conducted using imag- 
es ranging from 512 x 512 pixels to 200 x 200 pixels 
square. Each pixel of the images had an intensity rang- 
ing from 0 to 255 units. The images included both visible 
and infrared data. Test image scenes included highly 
cluttered imagery with features 2 to 3 pixels apart; very 
low end very high contrast features with intensity varia- 
tions ranging from 6 to 1 30 units: mixed feature resolu- 
tions with feature boundaries ranging from 4 pixels 
sharp to 25 pixels blurred: and small and large features 
ranging from under 4 pixels along the largest dimension 
toover 300 pixels along the largest dimension. Both tim- 
ing tests and line quality tests were run on the invention 
which was implemented on a MicroVAX II computer The 
invention took 60 seconds to extract edges from a 51 2 
x 51 2 image of a beverage can and another 30 seconds 
to obtain the straight line segments. By comparison, a 
state-of-the-art edge extraction algorithm (the Nevatia- 
Babu algorithm) took 24 minutes to extract edges on the 
same beverage can test image. The invention was 
shown to handle blurred lines very well. A comparison 
with other state-of-the-art algorithms showed that they 
failed badly in their ability to handle blurred lines. 



Claims 



1. An apparatus for enhancing an image containing 
features, said image represented by pixel data, in- 
cluding feature as well as non-feature pixel data, 
said enhancement being produced without prior 
knowledge of said features, said apparatus com- 
prising: 

sensor unfrt (24) for converting light energy frwn 
discrete pixels in said image into electrical sig- 
nals, said pixels having defined locations in the 



X-Y plane; 

preprocessor unit (26) for digitizing said sig- 
nals: 

means (28) for identifying curvature extrema as 
$ those points on a scan line where the intensity 

undergoes relatively large changes with re- 
spect to previous and subsequent pixels; 
means (28) tor measuring the difference in in- 
tensity between pairs ot curvature extrema and 
10 Identifying those pairs of curvature extrema for 

which said difference exceeds a predetermined 
threshold; 

means (28) lor identifying individual edge 
points as a point along the scan line between 
js said identified pairs for curvature extrema, 

means (28) for identifying edge points along 
neighboring scan lines, first and second edge 
points being on first and second neighboring 
scan lines; 

20 means (28) [or extrapolating a line segment be- 

tween said first edge point and said second 
edge point if the pixel location difference be- 
tween the first edge point on the first scan line 
and the second edge point on the second scan 
2s line is less than n pixels, where n is an Integer; 

means (28) for calculating upper and lower line 
direction limits by extrapolating a line from said 
first edge point to a point X pixels greater than 
said second point, where X is an integer, and 
30 by extrapolating a line from said first edge point 

to a point X pixels less than said second point: 
means (28) for extrapolating a new line seg- 
ment between said first edge point and a third 
edge point on a neighboring third scan Tme il 
3S that third edge point lies within said upper and 

lower line direction limits; and 
display unit (36) for creating an enhanced im- 
age containing only said identified edge points 
and line segments, wherein said enhanced im- 
40 age contains predominantly edge points and 

lines representing said features and is relative- 
ly free of said non-feature pixels. 

2. The apparatus ot claim 1 wherein said scan lines 
45 are vertical as well as horizontal scan lines. 

3. The apparatus of darn 1 or 2 further comprising a 
means (28) for comparing said curvature extrema 
for each point with a second predetermined thresh- 

sq old that is proportional to the slope curvature for that 
point and means for ignoring those curvature ex- 
trema which exceed said second threshold, where- 
by noise in said pixel data is ignored. 

ss 4. The apparatus of claim 1. 2 or 3 further comprising 
a means (2S) tor comparing the average intensity 
change par pixel between neighboring curvature 
axtrema and comparing this value with a third pre- 



Received from < 858 655 5859 > at 10/1/03 2:31:00 PM [Eastern Daylight Time] 6 



OCT-01-2003 12:18 HP SAN DIEGO LEGAL 858 655 5859 P. 28/65 



11 



EP 0 309 968 B1 



determined threshold wherein il said third threshold 
is not exceeded an edge point will not be identified 
between said curvature extreme. 

5 The apparatus or anyone of the preceding claims, 
comprising memory unit (34) tor storing said digi- 
tized signals, and means (32) coupled to said mem- 
ory unit lor detecting and measuring the intensity of 
said signals at discrete pixels along a plurality of 
scan lines throughout said image, said intensity val- 
ues creating an intensity curve along the scan lines. 

6. The apparatus of anyone ot the preceding claims 
comprising means (28) for assigning the value of 
said electrical signal for each pixel to each defined 
location, and means (28) for selecting one linear 
scan line of said pixels in the X-Y plane. 

7 The apparatus of anyone of the preceding claims 
wherein said means (24) tor converting light energy 
is a CCD imager. 

8. The apparatus of anyone ol the preceding claims 
wherein said preprocessor unit (26) is a frame grab- 
ber preprocessor 

9. A method for enhancing an image containing fea- 
tures, said image represented by pixel data, includ- 
ing feature as well as non-feature pixel data, said 
enhancement being produced without prior knowl- 
edge of said features, said method comprising the 
steps of; 

a) converting light energy from an image into 
electrical signals corresponding to the intensity 
of said light energy in discrete pixels in said im- 
age, said pixels each having a defined location 
in the X-Y plane; 

b) identifying curvature extrema in a scan Itne 
by determin ing those pixe Is lor which said elec- 
trical signal values change most rapidly with re- 
spect to the values for neighboring pixels along 
said scan line; 

c) measuring the difference in the magnitude ot 
said electrical signal value between all pairs of 
curvature extrema along said scan line; 

d) determining selected pairs ot curvature ex- 
trema for which said difference exceeds a pre- 
determined threshold; 

e) identifying as an edge paint a pixel along the 
scan line having an electrical signal value be- 
tween the value for said identified pair, said pix- 
el being located between said identified pair 
along sad scan line; and displaying the X-Y lo- 
cation of said edge point; 

f) identifying edge points along neighboring 
scan lines, first and second edge points being 
along first and second neighboring scan lines; 
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g) extrapolating a line segment between said 
first edg e point and said second point if the pixel 
location difference between the first edge point 
on the first scan line and the second edge point 
on the second scan line is less than n pixels, 
where n is an integer; 

h) calculating upper and lower line direction lim- 
its by extrapolating a line from said first edge 
point to a point X pixels greater than said sec- 
ond point, where X is an integer, and by extrap- 
olating a line from said first edge point to a point 
X pixels less than said second point; and 

i) extrapolating a new line segment between 
said first edge point and a third edge point on 
a neighboring third scan line if that third edge 
point lies within said upper and lower line direc- 
tion limits. 

10. The method of claim g wherein said step of convert- 
ing fight energy further comprises the step of pro- 
viding a CCD sensor (24) for converting said light 
energy. 

11. The method of claim g or 10 further comprising the 
steps of digitizing said electrical signal into a digital 
signal for each pixel value. 



12. The method of claim 11 further comprising the step 
" of transmitting said digitized signals to a program- 

30 mable processor (26) and storing said intensity val- 
ues in memory locations corresponding to pixel co- 
ordinates in said image, 

13. The method ot anyone of claims 9 to 12 wherein 
3S said step b) further comprises the step of determin- 
ing those points where the derivative of the intensity 
curve exceeds a second threshold, 

14. The method of anyone of claims 9 to 13 wherein 
AO said step e) further comprises Ihe step of determin- 
ing the point having an intensity value equal to the 
average intensity of the identified pair of curvature 
extrema. 

4s i$ T The method according to anyone of claims 9 to 14 
furthercompristnga step<|) of calculating a new up- 
per or lower line direction limit by extrapolating a 
line from said first point to a point X pixete greater 
than said third edge point and by extrapolating a line 

so Irom said first point to a point X pixel less than said 
third edge point, and using only those direction lim- 
its which create a narrower range of line direction 
limits. 

16, The method of claim 15 further comprising the steps 
of: 

(k) repeating steps (g) - 0) for a forth and all 
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succeeding edge points in each succeeding 
scan line until no edge point is found within the 
current upper and lower direction limits; and 
(I) repeating steps (f) - (k) lor edge points that 
tall outside upper and lower limits to create new 
line segments. 



PatentanaprOche 



to 



1. 



Vorrichtung zum Verstarken eines Bildes, das 
Merkmale enthalt, wobei das Bild durch Bildela- 
mentdaten dargestellt 1st, die Bildelementdaten so- 
wohl von Merkmalen als auch von Nichtmerkmalen 
beinhalten. wobei die Verstarkung ohne vorherge- 
hende Kenntnis dor Merkmale erzeugt wird. wobei 
die Vorrichtung aulweist: 

eine Sensorelnheit (24), die Uehtenergie von 
diskreten Bildelementen in darn Bild in elektri- 
sche Signals wandeit, wobei die Bildelemente 
detinlerte Stellen in der X-Y-Ebeneaufweisen; 

eine Praprozessoreinheit (26). die die Signals 
digttalisiert; 

eine Einrichtung (2S), die KrurnmungseXtrema 
als solche Punkte auf einer Abtastzeile identi- 
ftziert an denen die Intensitat relativ groBe An- 
derungen bezuglich vorhergehenden und 
nachfolgenden Bildelementen erfahrt; 

eine Einrichtung (20), die die Differenz der In- 
tensitat zwischen Paaren von KrOmmungsex- 
trema miOt und solche Paare von Krurnmungs- 
extrema identif izlert, fur welcho die Differenz ei- 
nen vorbestimmten Schwellwert Gberschreitet; 

sine Einrichtung (28), die einzelne Randpunkte 
ats einen Punkt entlang der Abtastzeile zwi- 
schen den identifizierten Paaren fur Krum- 
mungsextrema identif iziert. 

eine Einrtchtung (28), die Randpunkte entlang 
benachbarten Abtastzeilen identifiziert, wobei 
erste und zweite Randpunkte auf ersten und 
zweiten benachbarten Abtastzeilen liegen; 

eine Einrichtung (2B), die ein Liniensegmant 
zwischen dem ersten Randpunkt und dem 
zweiten Randpunkt extrapollert, wenn die Bild- 
elementstellendiffarenz zwischen dem ersten 
Randpunkt auf der ersten Abtastzeile und dem 
zweiten Randpunkt auf der zweiten Abtastzeile 
weniger ale n Bildelemente betragt, wobei n ei- 
ne Ganzzahl let; 

eine Einrichtung (29). die durch ein Hxtrapolie- 



75 



so 



25 



30 



40 



43 



SO 



£S 



ran einer Linie von dem ersten Randpunkt zu 
einem Punkt, dorX Bildelemente groGer als der 
zweite Punkt 1st, wobei X eine Ganzzahl ist, und 
durch ein Extrapolieren einer Linie von dem er- 
sten Randpunkt zu einem Punkt. der X Bildele- 
mente Kleiner als der zweite Punkt ist obere 
und untere Linienrichtungsgrenzen berechnei; 

erne Einrichtung (28), die ein neues Linienseg- 
mant zwischen dem ersten Randpunkt und ei- 
nem dritten Randpunkt auf einer benachbarten 
dritten Abtastzeile extrapoliert, wenn dieser 
dritte Randpunkt innerhalb der oberen und un- 
teren Linienrichtungsgrenzen liegt; und 

eine Anzeigeeinheit (36), die ein verstarktes 
Biid erzeugt. das lediglksh die identifizierten 
Randpunkte und Liniensegmente enthalt, bel 
der das verstarkte Bild vorwfegend Randpunk- 
te und Linien enthalt. die die Merkmale darstel- 
len, und relativ frei von Bildelementen von 
Nichtmerkmalen ist. 

Vorrichtung nach Anspruch 1 , bei der die Abtastzei- 
len sowohl vertikale ©is auch horizontal Abtastzei- 
len sind 

Vorrichtung nach Anspruch 1 Oder 2, die deeweite- 
ren eine Einrichtung (28), die die Krummungsextre- 
ma fur jeden Punkt mil einem zweiten vwbestimm- 
len Schwellwert vergleicht. der proportional zu der 
Steigungskrummung fur diesen Punkt ist. und eine 
Einrichtung aufweist, die solche KrOmmungsextre- 
ma, welehe den zweiten SchweHwert flberschrei- 
ten. ignoriert, wodurch Rauschan In den Bildele- 
mentdaten ignoriert wird. 

Vorrichtung nach Anspruch 1 , 2 Oder 3, die deswei- 
teren eine Einrichtung (28) aufweist. die die mrtttere 
Intensitatsanderung pro Bildelement zwischen be- 
nachbarten Krummungsextrema vergleicht und die- 
sen Wert mit einem dritten Schwellwert vergleicht, 
bei der, wenn dieser dritte Schwellwert nicht uber- 
schritten wird, kein Randpunkt zwischen diesen 
Krummurtgsextrema identifiziert wird. 

Vorrichtung nach einem der vorhergehonden An- 
spruohe. die eine Speichereihheit (34), die die digi- 
talisierten Signale spelchert, und eine an die Spei- 
chereinheit gekoppelte Einrichtung (32) aufweist, 
die die Intensitat dor Signale an dlskreten Bildele- 
menten entlang einer Mehrzahl von Abtastzeilen 
durch das Bild hindurch erfafct und mlGt, wobei dio 
Intensitatswerte eine Intensitat&kurve entlang der 
Abtastzeilen erzeugen. 

w Ntorrtchtung nach einem der vorhergehenden An- 
sprQche, die eine Einrichtung (28). die den Wert des 
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elektri&chen Signals lur jades Bildelement jeder da- 
finierten Stella zuweist, und eine Einnchtung (28) 
aufweist, die ein© Uneare Abtastzeile der Bildele- 
mente in der X-Y-Ebene auswahtt. 

7 Vorrichtung nach einem der vorhergehenden An- 
sprOche, be! der die Einrichtung (24), die die Uchu 
energie wandelt, ein CCO-Bildsensor ist. 

8 Vorrichtung nach einem der vorhergehenden An- 
sprOche, bei der die Praprozessoreinheit (26) am 
BiWfangpraprozessor ist 

9 Verfahren zum Verstarken eines Bildes, das Mark- 
male enthalt. wobei das Bild durch Bildelemerttda- 
ten dargestelft ist, die Biidelementdaten sowohl von 
Merkmalen ais auch von Ntehtmerkmalen beinhal- 
ten, wobei die verst&rkung ohne vorhergehende 
Kenntnis der Merkmale erzeugt wird. wobei das 
Vertahren die lolgenden Schriite aufweist; 
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is 
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a) Wandeln von Lichtenergie von einem Bild in 
elektnsche Signate, die der Intensity der Licht- 
enargie in diskreten Bildelementen in dcm Bild 
cntsprechen, wobei die Bildolomente alle eine » 
definlerte Stella in der X-Y-Eben© aufwalsen; 

b) Identifizieren von KrOmmungsexUema in Bi- 
ner Abtastzeile durch Bestimmen solcher Bild- 
elemente. fur weiehe sich die Werte des elek- 
trischen Signals bezflglich den Werien fur be- 
nachbarte Bildelemente entlang der Abtastzei- 
le am achnellslen andem; 
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Punkt, wenn die Bildelementstellendifferenz 
zwischen dem ersten Randpunktauf der ersten 
Abtastzeile und dem zweiten Pandpunkt auf 
der zweiten Abtastzeile wenlgar ale n Bildele- 
mente betragt wobei n eine Ganzzahl isu 

h) Berechnan oberer und unterer Unienrlch- 
tungsgrenzen durch ein Extrapolieren einer Li- 
nie von dem ersten Randpunkt zu einem Punkt. 
der X Bildelemente groBerals dor zweiie Punkt 
ist, wobei X eine Ganzzahl ist. und durch ein 
Extrapolieren einer Linie von dem ereten Rand- 
punkt zu einem Punkt. der X Bildelemente klei- 
ner als der zweite Punkte ist; und 

i) Extrapolieren eines neuen Liniensegments 
zwischen dem ersten Randpunkt und einem 
dritten Randpunkt aul einer benachbarten drit- 
ten Abtastzeile, wenn dieser drltie Randpunkt 
innerhalb der oberen und unteren Linienrich- 
tungsgrenzen liegt. 

10. Verfahren nach Anspruch 9. bei dem der Schritt ei- 
nes Wandelns von Lichtenergie desweiteren den 
Schritt eines Vorsehone eines CCD-Sensors (24) 
aufweist, der die Lichtenergie wandelt. 

11. Verfahren nach Anspruch 9 oder 10, das desweite- 
ren die Schritte eines Digitaltsierens dee elektri- 
schen Signals in ein digitales Signal fur jeden Bild- 
elemeniwert aufweist. 



c) Messen der Diflarenz des Betrags des Wens 
des elektrischen Signals zwischen alien Paa- 
ren von KrOmmungsextrema entlang der Abt- 
astzeile; 

d) Bestimmen ausgewahlter Paare von KrOm- 
mungsextrema. fOr welche die Differenz einen 
vorbestimmten Schwellwert Oberschreitet; 

e) Identifizieren eines Bildelemente entlang der 
Abtastzeile, das einen Wan des alektrischen 
Signals zwischen dem Wert tor das identffizier- 
te Paar aufweist. als einen Randpunkt. wobei 
das Bildelement zwischen dem tdeniifizierten 
Pear entlang der Abtastzeile liagt; und Anzei- 
gsn der X-Y-Stelle des Randpunkles; 

f) Identifizieren von Randpunkten entlang be- 
nachbarter Abtastzeilen. woboi ersto und zwei- 
te Randpunkte entlang er3ter und zweiter be- 
nachbarter Abtastzeilen liegen; 

g) Extrapolieren eines Liniensegments zwi- 
schen dem ersten Pandpunkt und dem zweiten 



12. Verfahren nach Anspruch 11 , das desweiteren den 
Schritt sines Sendens der digitalisierten Signale zu 
3S einem programmierbaren Prozassor (26) und eines 
Speichems der Intenertatswerte in Speicherstellen 
aufweist, die den Bildelementkoordinaten in dem 
Bild entsprachen. 

40 13. Verfahren nach einem der AnsprOche 9 bis 12, bai 
dem der Schritt b) desweiteren den Schritt eines 
Bestimmens jener Punkte aufweist, an denen die 
Ableitung der intensitatskurve einen zweiten 
Schwellwert Qberschraitet. 
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14. Verfahren nach einem der AnsprOche 9 bis 13. bei 
dem der Schritt e) desweiteren den Schritt eines 
Bestimmens des Punktes aufweist. der einen Inten- 
sitatswert aufweist. der gleich der mittteren Inlensi- 
lat des identiftzlerten Paares von Krummungsextre- 
ma ist 

15. Verfahren nach oinem der Ansprucho 9 bis 14, das 
desweiteren einen Schritt {j) eines Berechnens ei- 
ner neuen oberen od&r unteren Linienrichtung&- 
grenze durch ein Extrapolieren einer Linie von dem 
ersten Punkt zu einem Punkt, der X Bildeteniente 
graBer ate der drrtte Randpunkt ist, und durch ein 



Received from < 858 655 5859 > at 1011/03 2:31:00 PM [Eastern Daylight Time] 



□CT-01-2003 12=19 HP SAN DIEGO LEGAL 858 655 5859 P. 31/65 



17 



EP0 3S9 968 B1 



18 



Extrapolieren einer Unie von dem ersten Punkt zu 
einem Punkt. der X Blldelemente kletner als derdrru 
te Randpunkt ist, und eines Verwendens lediglicn 
iener Richtungsgrenzen aufweist. welche einen 
schmaleren Beraich von Linienrichtungsgrenzen s 
erzeugen. 



1$. Verlahren nach Anspruch 15, das deeweiteren die 
folgenden Schritte aufweist; 

(k) Wlederholan der Schritte (g) - (J) «*' 
vierten und alio nachtoigenden Randpunkte in 
jeder nachfolgenden AbtasUeile, bis kem 
Randpunkt innerhalb der momentanen oberen 
und unteren Richtungsgrenzen festgestellt 
wlrd.und 
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is 



(I) Wiederholen der Schritte (f) - (k) f Or Rand- 
punkte, did aufcemalb von oberen und unteren 
Grenzen fallen, um neue Li nien segment© zu & 
erzeugen. 



Revindications 



2S 



30 



1. Appareil pour rebausser une image contenant des 
elements caracteristiques. ladite image, qui est re- 
presentee par dee donnees de pixels, contenant 
des donnees des pixels caracteristiques ainsi que 
non caracteristiques. ledit rehaussement atant pro- 
duct sans eonnaissanca prealabto desdits elements 
caracteristiques, ledit appareil comprenant; 2* 

une unite (24) a capteur pour convertir de 
I'energle lumineuse provenant de pixels dis- « 
crets de ladite image en signaux ©lectriques, 3- 
lesdits pixels ayant des positions def inies dans 
le plan X-y ; 

une unite (26) de pretraitement pour numeneer 
lesdits signaux; 40 
un moyen (28) pour identifier des extrema de 
courbure constitues par les points cfune ligne 
de balayage ou Plntensite subit des variations 
relativement importantes par rapport a des 
pixels precedents et suivants; 45 * 

un moyen (28) pour mesurer la difference dMn- 
tensile entre des paires d'extrema de courbure 
et identifier les paires cfexirema de courbure 
pour lesquedes ladite difference depasse un 
seuil predetermine; 50 
un moyen (28) pour identifier des paints de bord 
individuals eomme 6tant un point le long de la 
ligne dc balayage entre tesdites paires identi- 
fies pour des extrema de courbure, 5 
un moyen (28) pour identifier des points de bord 55 
le long de lignes de batayage voisines. de* pre- 
mier et second points de bord se trouvant sur 
des premiere et saconde lignes da balayage 



voisines, 

un moyen (28) pour extrapoler un segment de 
ligne entre ledit premier point de bord et ledit 
second point de bord si la difference de position 
de pixel entre le premier point de bord, sur la 
premiere ligne de balayage. et le second point 
de bord : sur la seconde ligne de balayage, est 
inferieure a n pixels, oil n est un entien 
un moyen (28) pour calculer les llmites supe- 
rieure et inferieure da direction de ligne par ex- 
trapolation d'une ligne dudit premier point de 
bord a un point euperieur da X pixels audit se- 
cond point, ou X est un antier. et en extrapolant 
une ligne a partir dudit premier point de bord a 
un point inferieur de X pixels audit second 
point 

un moyen (28) pour extrapoler un nouveau seg- 
ment de ligne entre ledit premier point de bord 
et un troisieme point de bord sur une traisieme 
ligne de balayage voisine si ce troisiame poinl 
de bord se situs en deca desdites llmites supe- 
rieure et inferieure de direction de ligne; et 
une unite (36) d'afflchage pour creer une Image 
rehaussee ne contenant que lesdita points de 
bord ct lesdits segments de ligne Identifies, la- 
dite image rehaussee contenant de facon pre- 
dominant© des points de bord et des lignes re- 
presentant lesdits elements caracteristiques et 
etant sensiblement exempte de pixels non ca- 
racteristiques. 

Appareil selon la revendication 1. dans lequel les- 
drtes lignes da batayage sont des Hgnee de balaya- 
ge verticales ainsi qu'horizontalee. 

Appareil selon la revendication 1 ou 2, comprenant 
en outre un moyen (2B) pour comparer lesdits ex- 
trema de courbure en chaque point avec un second 
saull predetermine qui est proportionnel a la cour- 
bure de la pente en ce point, et un moyen pour igno- 
rer les extrema de courbure qui depassent ledit se- 
cond seuil, de facon que le bruit contenu dans les- 
dites donnees de pixels soit ignore. 

Appareil selon la revendication 1. 2 ou 3, compre- 
nant en outre un moyen (28) pour comparer la va- 
riation tflntensite moyenne par pixel entre des ex- 
trema da courbure voisins, at pour comparer cells 
valeur £ un troisieme seuil predetermine, de telle 
sorte que si ledit troisieme seuil n'est pas depasse, 
un point de bord ne sera pas identifie entre lesdits 
extrema de courbure. 

Appareil selon Tune quelconque des revendications 
precedentes, comprenant una unit© (34) a memoire 
pour stocker lesdits signaux numenses efun moyen 
(32) relie a ladite unite a memoirs pour detector* et 
mesurer rintensite desdits signaux en des pixels 
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discrets le long d'un ensemble de lignes do balaya- 
ge parcourant ladite image. lesdites valeurs d'lnten- 
eite errant une courbe rf intensrte le long des lignes 
do batayage. 

G Appareilselon 1'une quelconquedes revendications 
precedentes. comprenant un moyen (28) pour al- 
fBcier la valour dudit signal electnque en chaque 
pixel a cheque position definie, et un rnoyen (28) 
pour s6lectionner une ligne de balayage lineaire 
desdits pixels dans le plan X-Y. 

7 Appareil selon rune quelconque des revendications 
precedentes, dans iequel ledit moyen (24) de con- 
version d'energie lumineuse est tin cepteur a CCD. 

a Appareil selon I'une quelconque des revendications 
precedentes. dans Iequel ladite unite (26) de pre- 
traftement est un preprocessor de carte de nume- 
• risationcf images. 

9, Procedd pour rehausser une image contenant des 
elements caracteristiques. ladite image, qui eat re- 
presentee par des donnees de pixels, comportant 
des donnees do pixels caracteristiques ainsl que 
non caracteristiques. ledit rehaussement etant pro- 
duit sans connaissance prdalable desdits elements 
caracteristiques. ledtt precede comprenant les ©ta- 
pes qui consistent: 

a) a converted© I'energie lumineuse provenant 
d'une Image en signaux electriques corrsspon- 
dant a IMntensite de ladite energie lumineuse 
dans des pixels discrets de ladite image, lesdits 
pixels ayant chacun una position definie dans 
le plan X-Y ; 

b) a identifier des extreme de courbure dans 
une ligne de balayage en determinant les pixels 
pour lesquels lesdites valeurs du signal electn- 
que varient le plus rapidemeni par rapport aux 
valeurs de pixels voisins le long d© ladite ligne 
de balayage; 

c) a mesurer la difference, en valeur absolue, 
dudit signal eieetrique entre toutes lea paires 
d'extrema de courbure le long de ladite ligne de 
balayage; 

d) a determiner des paires selectionnaes d ex- 
treme de courbure pour lesquelies ladite diffe- 
rence depasse un seuil predetermine; 

e) a identifier en tant que point de bord un pixel, 
le long de ligne de balayage, ayant una valeur 
de signal electrique comprise entre la valeur 
datermindo pour ladite paire identifieD, ledit 
pixel etant situs entre ladite paire identifiee le 
long d© ladHo ligne d9 balayage: et a atficher la 
position X-Y dudit point de bord; 

f) a identifier des points de bord le long de li- 
gnes da batayage voisines. des premier et se- 



cond points de bord se trouvant le long da pre- 
miere at seconds lignes de balayage voisines. 
g) a extrapoler un segment de ligne entre ledit 
premier point de bord et ledtt second point de 
$ bord si la diff erance de position de pixel entre 

le premier point de bord. sur la premiere ligne 
de balayage, et le second point de bord. sur la 
seconde ligne de balayage. est inlerieure a n 
pixels, ou n est un entier; 
10 h) a calculer les limites superioure et mf eneure 

de direction de ligne par extrapolation d'une li- 
gne dudit premier point de bord a un point su- 
perieur de X pixels audit second point, ou X eat 
un entier, et en extrepolant une ligne dudit pre- 
1$ mier point de bord a un point inferleur de X 

pixels audit second point; et 
I) a extrapoler un nouveau segment de ligne en- 
ire ledit premier point de bord et un troisieme 
point de bord sur une troisieme ligne de baiaya- 
zo ge voisine si ce troisieme point de bord se sltue 

entre lesdites limites superieure et inferieure de 
direction de ligne. 

10. Precede salon la revendication 9, dans Iequel ladite 
55 ' dtapo qui consiste a convertir de I'energie lumineu- 
se comprend en outre Tetape qui consiste a utillser 
un capteur (24) a CCD pour convertir ladite energie 
lumineuse. 

30 11. Procede selon la revendication 9 ou 10, compre- 
nant en outre les etapes qui consiste a numeriser 
ledit signal electrique en un signal numerique pour 
chaque valeur de pixel. 

33 12. Procede selon la revendication 11 . comprenant en 
' outre I'etape qui consiste d transmettre lesdits sl- 
gnaux numenses & un processeur (26) programma- 
ble et a stocker lesdites valeurs d'intensite en des 
emplacements de memotre qui correspondent a 
40 des coordonnees de pixels dans ladite image. 

13. Precede selon fune quetconque des revendications 
g a 12, dans iequel ladite etape (b) comprend en 
outre I'etape qui consiste a determiner les points ou 

45 la derivee de la courbe d'intensite" depasse un se- 
cond seuil, 

14. procede selon Tune quetconque des revendicaLions 
" 9 a 1 3, dans Iequel ladite etape (e) comprend en 

so outre I'etape qui consiste a determiner le point ayant 
une valeur d'intensite egale a I'intensHe moyenne 
de la paire Identifiee d'extrema de courbure. 



15. Procede selon rune quelconquedes revendications 
55 9 a 1 4, comprenant en outre une etape (j) qui con- 
siste a calculer une rvouvell© limite supeneure ou 
inlerieure de direction de ligne en extrapolant une 
ligne dudit premier point a un point superieur de X 
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pixels audit trolsieme point d* bord et en extrapo- 
lant una ligne dudrt premier point a un point InMriaur 
de X pixels audit troisleme point de bord, et a n uti- 
Hserque leslimites do direction quicreent une gam- 
me plus etroite do lim'rtes d© direction. 

16. Proceed seton la revendication 15, comprertant en 
outre lee etapes qui consistent : 



<k) a repeter 10a ©tapes (g) - (j) pour un quatrie- 
me point de bord et tous Ids points euwants 
dans chaque ligne de balayage eulvante jus- 
qu'a ce qu'aucun point de bord ne soil trouve 
emre les limited superieuro et inferieure de di- 
rection couranles; et 

(I) d repeter les etapes (f) - (k) pour des points 
de bord qui ee situent au-dela des limites su- 
perleure et inferieure afin de creer denouveaux 
segments de Ngnes. 
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